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AN OBSERVATIOY O F  THE (0,O)NEGATIVE 
BAND OF Nz IN THE DAYGLOW* 

E. 	C. Zipf, J r .  ** and Wm. G. Fas t i e  
The Johns Hopkins Univer sity 

On May 7 ,  1963, a t  1611 EST, an Aerobee Hi rocket was 
launched f rom Wallops Island, Virginia, carrying photometers that 
measured  dayglow emission a t  3914A, 6300A and 6325A in  the E and 
F1 regions of the ionosphere. This paper  d iscusses  the blue (3914A) 
photometer experiment. The red-photometer measurements  have 
been published in  a separa te  repor t  (Zipf and Fas t ie ,  1963). 

The blue photometer consisted of an  Ascop type 541A photo
multiplier tube, an  interference f i l t e r ,  blocking fi l ter  and a baffle 
that  minimized the effects of solar  light sca t te red  off the instrument .  
The composite f i l ter  had a bandpase of 42A with a maximum trane
mission of 25'10 a t  3914A. The instrument  wae calibrated absolutely 
by measuring i t s  response to a monochromatic source  of known 
brightness.  The photometer had an acceptance angle of 3.85 x lo-' 
s teradians.  All observations were  made  in the direction of the rocke t  
axis a t  an angle of elevation that var ied from 87 to 73 degrees .  The 
rocket yawed with a period of 49 seconds.  

In Figure 1 the total  zenith intensity of the day airglow at 
3914A has been plotted a s  a function of altitude. The open c i r c l e s  
represent  intensity measurements  made  a s  the rocket climbed to peak 
altitude, while the solid points were  obtained during descent.  The 
data have been cor rec ted  for  modulation effects due to the yaw of the 
rocket.  

At 100 km the dayglow emission at  3914A had a total  zenith 
intensity of 6 . 7  k r  (kilorayleighs) with an experimental  uncertainty 
of about 2Ooj0.  Recent observations by Wallace (pr ivate  communication) 

-* 	 This work was supported by the National Aeronautics and Space 
Admini st r ation. 

a$ >* P r e s e n t  address:  	 Joint Institute for Laboratory Astrophysics,  
Boulder, Colorado 
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Fig.  1 .  The total Zenith Intensity of the Day Airglow at 3914A 

plotted versus altitude. 
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+
who observed the negative bands of Nz in the dayglow with a scanning 
monochromator , support the assumption that the radiation detectedt 
by our (391412) photometer is  due to the ( 0 , O )  negative band of Nz. 
F r o m  100 to 130 km the total zenith intensity a t  3914A remained 
nearly constant. But above 130 km the intensity decreased slowly with 
increasing altitude. At the peak altitude (223 km) the total zenith t
intensity was about 5 . 4  k r  indicating that the majority of excited Nz 
ions were  located a t  st i l l  higher altitudes in the Fz region. 

A smooth curve was  fitted to the data of Figure 1 by meane of 
a power se r i e s .  The emission r a t e  pe r  unit volume for  the ( 0 , O )  
negative band was then computed as a function of altitude by differen
tiating this curve.  The resu l t s  a r etgiven in Table 1. F r o m  theee data  
we have calculated the density of NZ ions in the region f rom 140 to  
223 km on the Tssumption that resonance scattering of solar  light by 
pre-existing Nz ions is responsible for the excitation of the negative 
bands. A yield of 0.068 quanta sec  - 1  ion-' (Lytle and Hunten, 1960) 
was used f o r  this process .  These resu l t s  a r e  included in  Table 1 
along with values for  the electron density which w e r e  obtained f rom an 
analysis of the ionosonde data taken during the flight. * 

Table 1. Density Data f rom 140 to  220 km.  

Z T a  n") n( e) 

(km) (photons cm - 3  sec- l )  (ions c m - 5  (e- cm-3) 

140 68.6 1 .01  i o 3  1.7 io5  
150 98.6 1.45 1.9 
160 122 1 .80 1.95 
170 143 2.10 2 .0  
180 163 2.40 2 . 3  
190 179 2 .63  2 .8  
200 193 2.84 3.4 
210 206 3.03 3.9 
220 218 3.21 4 . 3  

a. Dayglow emission r a t e  per  unit volume at 3914A. 

- - ._ .* 	 We a r e  indebted to MT. Lloyd Lohr ,  Wallops Island Station, for  
providing the ionosonde data for  the rocket experiment.  
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Ear l i e r  measurements  of the density of atmospheric ions from 
100 to 2 0 0  km (Johnson, Meadows and Holmes, 1958) indicated that
t 


N2 was a minor constituent in the ionosphere with a density of l e s s  than 

3 x i o 3  ions cm - 3  

t' 
Our resu l t s  a r e  in agreement  with their findings. 


The maximum N2 density infer red  f rom our photometer data was  3.21 

x l o 3  ions cm - 3  at 2 2 0  k m ;  this amounts to only 0.75% of the total f 

positive ion concentration a t  that altitude. At lower altitudes in the E a
t

region the density of N2 ions i s  much smal le r  and our data ind'catest - 3  -F
that below 125 km n(Nz)< 4 x 10' ions cm . The number of N2 ions 
above 220 km was approximately 8.  0 x 10" ions cm - 2  . It is  interestingt 
to note that while the majority of Nz ions a r e  located in the Fz region, 
they reach their  maximum density relative to the other atmospheric 
ions ( 1 .  1%) near  180 km in the F1 region. 

Photoionization of molecular nitrogen by so lar  EUV radiation ist

the chief daytime source  of N2 in the E and F regions of the ionosphere. 
Th e p r i nc ip a1 lo s s m e'ch ani e m s inc1u de di s soc ia tiv e r e comb ina t ion, 
charge exchange and ion-atom interchangetwith the atmospheric gases .t 

In the quasi-steady s ta te ,  the density of Nzions, n(Nz), i s  given by 

where U is the photoionization ra te ,  

c( is the dissociative recombination coefficient, and 

t
& is the total r a t e  of coefficient for  the destruction of N2 ions 

in interactions with atomic oxygen ( i  = 1)  o r  with molecular oxygen 
(i = 2) .  The electron, atomic oxygen and molecular oxygen densit ies 
a r e  represented by n(e),  n ( 0 )  and n(02) respectively.  

Kasner ,  Rogers  and Biondi (1961) found f rom microwavet 
measurements  on low-energy nitrogen p lasmas  that (Nz) = 

(2 .8  0.5)  x cm3 sec  -' at 300' K. No detailed information ont
the tempera ture  dependence of CY (Nz) is available f rom laboratory 
studies.  However, f rom an analysis of ion-composition data in  the 
E and regions Norton, VanZandt and Denison (1962) concluded that 
d ( N 2 )  va r i e s  a s  l/T(OK). We have assumed this tempera ture  

dependence in calculating the loss  r a t e  due to dissociative recombina
tion. 
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The ion-molecule reaction 

has  been investigated by Galli, Ciardini-Guidoni, and Volpi (1963) 
who concluded f r o m  their  m a s s  spectrometer  studies that kl L 2.1  
x cm3 sec  - 1  . Fi t e  and h i s  co-worker8 (1962) studied the-
reaction 

and reported that k2 -2  x lo-' ' cm3 sec- l .  In the E region where 
n(p2) - 5 x 10" ~ m - ~ ,reaction (3)  is an important  lose mechaniem for 
N2. 

We have calculated the photoionization r a t e ,  Q, with the Bun at 
an altitude of 30.5 degrees  using the model a tmosphere propoeed by 
Norton, VanZandt and Denison (1962). The absorption and photo-
ionization c r o s s  sections tabulated in their  paper  w e r e  used in  theee 

tcomputations. Values for  the photoionization r a t e  for NZ at altitudee 
f rom $40 to 2 2 0  km a r e  given in Table 2 .  The total 108s frequency, 
Q/n(Nz&, was  derived f rom these resu l t s  and the experimental  values 
f o r  n(N2). 

Table 2 ,  Photo$onization Rates  and Loss Frequencies  
for  N2 f rom 140 to 220 km.  

t b  
Z (a )a (Q /n(N2 1) (... n(e)IC 

140 1.65 i o 3  1 .63  0.030 
150 1.37 0.946 0.026 
160 1.03 0.572 0.023 
170 0.753 0.358 0 .020  
180 0.552 0.230 0.021 
190 0.407 0.155 0 .024  
200 0.304 0.107 0 .026  
210 0.230 0.076 0.028 
220 0.176 0.055 0.030 

t 
a. Photoionization r a t e  for the production of N2 by solar  EUV radiation. 
b. Total l o s s  frequency. 
c .  Loss frequency due to dissociative recombination. 
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In severa l  cur ren t  theories of the E and F regions dissociPtive 
recombination is regarded a s  the dominant loss  mechanism for  Nz. 
While this i s  probably so in the F z  region, i t  is clear ly  not the c a s e a t  
altitudes below 180 km. This may be  shown by comparing the total 
l o s s  frequency a t  a given altitude with the corresponding recombination 
f r e q u e n y  listed in  Table 2 .  At 160 km, for example, l e s s  than 5°/0 
of the N2 ions a r e  destroyed by dissociative recombination. Similar  
calculations with the model a tmospheres  proposed by Bates and Pa t te rson  
(1961) and by Watanabe and Hinteregger (1962) a l so  support the con-

tclusion that dissociative recombination i s  a minor lo s s  process  for  N2 
below 180 km. Hunten (1963) reached a s imi la r  conclusion f rom his  
studies on sunlit au ro ras .  

Approximate values f o r  the r a t e  coefficients ,j' 1 and X2 w e r e  
obtained by fitting the experimental  data with equation (1) .  The 
photoionization r a t e s ,  Q, given in Table 2 andthe densit ies,  n(0)  and 
n(Oz), f rom Norton e t  al (1962) were  used in this calculation. Below 
180 km the computed @ densit ies were  in sat isfactory agreement  with 
the experimental  resu l t s  with 3'1 = 2.  1 x lo-"  c m  3 8ec-l and yz = 
2 .2  x lo-'' cm3 sec  -'. The agreement  between 1 2  and kz shows thatt 

one of the principal loss  processes  f o r  N2 in the E and F1 regions is 
charge exchange with 0 2 .  Reactions with atomic oxygen a r e  a lso 
important.  Here  again charge exchange 

seems to be the most likely process .  The value f o r  81 is sufficiently 
la rge  that even at 220 km,  where  n(0)  1- 4 x lo9  cm - 3  , reactions with 
atomic oxyger compete favorable with dissociative recombination in 
destroying Nz ions. 

6 




REFERENCES 


Bates ,  	D. R . ,  and T.  N.  L. Pa t te rson ,  "Hydrogen,Atome and Ions 
in the Thermosphere  and Exosphe re" ,  Planet.  
Space S c i . ,  -5, 257, 1961. 

F i t e ,  W. L . ,  J .  A. Rutherford,  W. R. Snow and V. A. J .  Van Lint,  
Report  No. GA-2824, General  Atomic, San Diego, California,  
1962. 

Galli,  A. , A. Giardini-Cuidoni qnd C. C. Volpi, I' Ion-Molecule 
Reactions Leading to NO Forma t ion" ,  J. Chem. Phys .  , 
39, 518 - 521, 1963.-

t 
Hunten, D. M . ,  The Production of N2 i n  the Atmosphere"  , Planet .  

Space Sc i . ,  -10, 37 - 45, 1963. 

Johnson, C. Y . ,  E. B. Meadows and J.  C. Holmes,  " Ion  Composition 
of the Art ic  Atmosphere" ,  J .  Geophys. Res .  , 63, 443, 1958. 

Kasner ,  W .  H. , W. A. Roger s  and M. A. Biondi, 'I Electron-Ion 
Recombination Coefficients i n  Nitrogen and i n  Oxygen" , 
Phys .  Rev. Le t t e r s ,  -7 ,  321 - 323, 1961. 

t 

Lytle,  E. A . ,  and D. M. Hunten, "Dawn Enhancement of Aurora l  Nz 

Emiss ion" ,  Canad. J .  P h y s . ,  -38, 477, 1960. 

Norton, R. B . ,  T. E. VanZandt and J .  S. Denison, " A  Model of the 
Atmosphere and Ionosphere in  the E and F Regions" , 
P r o c .  Intern.  Conf. Ionosphere,  London, 1962. 

Watanabe, K.  , and H. E. Hinteregger ,  It Photoionization Rates  in  the 
E and F Regions",  J .  Geophys. R e s . ,  67, 999 - 1006, 1962. 

Zipf, E. C . ,  and Wm. G. Fas t i e ,  An Observation of Day Airglow 
Emiss ion  a t  6300A", to  be  published, J. Geophys. Res.  , 
Nov. 15, 1963. 

NASA-Langley, 1964 D-2249 7 



“The National Aeronautics and Space Administration . . . shall . . . 
provide for the widest practical appropriate dissemination of information 
concerning its activities and the results thereof . . . objectives being the 
expansion of human knowledge of phenomena in the atmosphere and space.” 

- -NAT~ONAL AERosAuncs A N D  SPACEACTOF 1958 

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

TECHNICAL REPORTS: Scientific and technical information considered 
important, complete, and a lasting contribution to existing knowledge. 

TECHNICAL NOTES: Information less broad in scope but nevertheless 
of importance as a convibution to existing knowledge. 

TECHNICAL MEMORANDUMS: Information receiving limited distri
bution because of preliminary data, security classification, or other reasons. 

CONTRACTOR REPORTS: Technical information generated in con
nection with a NASA contract or grant and released under NASA auspices. 

TECHNICAL TRANSLATIONS: Information published in a foreign 
language considered to merit NASA distribution in English. 

TECHNICAL REPRINTS: Information derived from NASA activities 
and initially published in the form of journal articles or meeting papers. 

SPECIAL PUBLICATIONS: Information derived from or of value to 
NASA activities but not necessarily reporting the results of individual 
NASA-programmed scientific efforts. Publications indude conference 
proceedings, monographs, data compilations, handbooks, sourcebooks, 
and special bibliographies. 

Details on the availability of these publications may be obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION


LNATIONA L A E R 0NA UTI  C S  AND SPACE A D  MI N I S T  R AT I O  N 

Washington, D.C. PO546 


.. 


